Background: Legumes, including beans, chickpeas, and lentils, are among the lowest glycemic index (GI) foods and have been recommended in national diabetes mellitus (DM) guidelines. Yet, to our knowledge, they have never been used specifically to lower the GI of the diet. We have therefore undertaken a study of low-GI foods in type 2 DM with a focus on legumes in the intervention.
L
OW GLYCEMIC INDEX (GI) foods have been shown to improve glycemic control in patients with type 2 diabetes mellitus (DM).
1,2 Legumes, also known as pulses (dried beans, chick peas, and lentils), were the first class of foods recognized as having low GI values 3 and have been recommended in many national DM guidelines. [4] [5] [6] However, few studies have assessed the effect of legumes in DM, 7 even fewer have documented the quantity used to improve glycemic control, and none have reported their effect on cardiovascular risk. 8 Not only are legumes good sources of slowly digested starch, but they are also relatively high in fiber and vegetable protein.
Both fiber, notably viscous fiber, and also vegetable protein, specifically legume protein containing the 7S globulin fraction, are known to lower serum cholesterol levels. [9] [10] [11] [12] Furthermore, increased intakes of fiber 9 and substitution of vegetable for animal proteins, as occur with increased legume consumption, have been associated with reductions in blood pressure (BP). 13 In this respect, consumption of legumes, especially in the context of hypocaloric diets, also resulted in lower BP in patients without DM. [14] [15] [16] [17] The potential for reduction in coronary heart disease (CHD) risk factors in patients with type 2 DM by a dietary change, such as increased legume consumption, aimed at im-proving glycemic control is particularly relevant at a time when pharmacologic approaches to achieve improved glycemic control have not resulted in improved cardiovascular outcomes in the short term. 18 We have therefore tested the effect on glycemic control, serum lipid levels, and BP of emphasizing increased legume intake as part of a low-GI diet in the treatment of type 2 DM.
METHODS

PARTICIPANTS
Participants were recruited from newspaper and public transport advertisements as well as hospital clinics. A total of 121 participants were eligible and randomized ( Figure) . Recruitment took place from February 16, 2010 , to May 11, 2011 , with the last study visit on August 8, 2011 . Eligible participants had been diagnosed as having type 2 DM for at least 6 months, were taking a stable dose of oral antihyperglycemic agents for at least the previous 2 months, and had hemoglobin A 1c (HbA 1c ) values that were 6.5% to 8.5% of total hemoglobin both at initial screening and at the visit 1 week prior to commencing the study (Figure) Table 1) .
PROTOCOL
The study followed a randomized, parallel design with 2 treatment arms of 3 months' duration consisting of (1) a low-GI diet emphasizing legume consumption and (2) a high wheat fiber diet emphasizing high wheat fiber foods. After stratification by sex and HbA 1c value (HbA 1c value Յ7.1% of total hemoglobin), participants were randomized by a statistician (E.V.) who was geographically separate from the study center. Neither the dietitians nor the participants could be blinded, but equal emphasis was placed on the potential importance for health of both diets. The analytical technicians were blinded to treatment, as was the statistician, up to analysis of the primary outcome.
Participants attended the research center for screening and at week −1, baseline (week 0), and weeks 2, 4, 8, 10, and 12 of the study. At each visit, they were weighed, waist circumference was measured at the level of the umbilicus when standing, and a fasting blood sample was taken. Seated BP was mea- sured in triplicate with an automatic sphygmomanometer (model HEM 907 XL; Omron Healthcare Inc), and 7-day food records covering the week prior to each visit were discussed with the dietitian. If participants experienced symptoms of hypoglycemia and observed capillary blood glucose levels lower than 63 mg/dL and providing hypoglycemia was not explained by specific circumstances, such as missed meals or increased physical activity, antihyperglycemic medications were reduced by the participants' physician according to a predetermined protocol previously sent to the participants' physician. (To convert blood glucose levels to millimoles per liter, multiply by 0.0555.) If HbA 1c values rose above 8.5% of total hemoglobin on 2 successive occasions, participants were withdrawn from the study and referred back to their physician.
The study was approved by the research ethics board of St Michael's Hospital and the University of Toronto, Toronto, Ontario, Canada, and written consent was obtained from all participants.
DIETARY INTERVENTIONS
Participants were provided with a checklist of 15-g carbohydrate portions of recommended foods and the quantities they were expected to consume daily (eTable 1 and eTable 2; http://www.archinternmed.com). The target legume consumption was 1 cup per day (approximately 190 g per day, or 2 servings per day) of cooked beans, chickpeas or lentils, while a high wheat fiber diet was achieved by consumption of whole wheat and whole grain carbohydrate foods (whole wheat breakfast cereals, breads, brown rice, etc). Adherence to the diet was assessed from 7-day food records at the week zero visit and the mean of the last 3 visits (weeks 8, 10, and 12); 109 participants provided complete dietary and blood data for the 3-month study, and 114 also provided at least 1 data point during the last month of the study and were therefore classified as completers ( Figure) . At the conclusion of the study, participants were contacted and asked to rate their gastrointestinal symptoms before and at the end of the study on a scale of 0 to 6, where 0 was none, 3 was moderate, and 6 was excessive. Fortyfour participants in the low-GI legume diet arm and 46 in the high wheat fiber diet arm responded.
ENERGY REQUIREMENTS
Energy requirements were calculated for each participant using the Harris-Benedict equation with allowance for light physical activity (ie, light exercise 1-3 days per week).
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BIOCHEMICAL AND DIETARY ANALYSES
The HbA 1c value was analyzed within 24 hours using whole blood collected in EDTA Vacutainer tubes (Vacutainer; Becton, Dickinson and Co) in the hospital routine analytical laboratory by a turbidometric inhibition latex immunoassay (TINIA Roche Diagnostics) with a coefficient of variation between assays of 3% to 4%. Blood glucose and serum lipid levels were also measured in the hospital routine analytical laboratory using a Random Access Analyzer and Beckman reagents (SYNCHRON LX Systems; Beckman Coulter), with a coefficient of variation of 1.6% to 2.3% for blood glucose level and 1.3% to 3.0% for total cholesterol, triglycerides, and high-density lipoprotein cholesterol (HDL-C) levels. The low-density lipoprotein cholesterol (LDL-C) level was calculated by the method of Friedewald et al 2 1 {LDL-C level = total cholesterol -[(triglycerides/5) ϫ (HDL-C level)]}. Diet records were analyzed using a computer program (ESHA Food Processor SQL, version 10.1.1) based on US Department of Agriculture data 22 and international GI tables 23 using the bread scale (for glucose scale, multiply values by 0.71) 24 with additional GI measurements made on local foods (Glycemic Index Laboratories).
STATISTICAL ANALYSES
Results are expressed as means ± SEM or 95% confidence intervals (CIs). The absolute CHD risk score was calculated using the Framingham risk equation. 25 Any patient who met inclusion criteria, including an HbA 1c value of at least 6.5% of total hemoglobin at the week −1 visit, and provided week 0 measurements was included in the analysis (n = 121). The mean of weeks −1 and 0 time was taken as baseline, and weeks 8, 10 and 12 were selected as end of study to allow for stabilization of HbA 1c values as the main outcome. Treatment differences in physical and biochemical measures were assessed using all available data, and a repeated measures mixed (random effects) model accounting for time of assessment (SAS statistical software, version 9.2; SAS Institute Inc).The response variable was change from baseline, with diet and week as the main fixed-effects and patient identification nested in diet. There was no adjustment for baseline. An additional term representing an autoregression covariance assumption was included in the model for body weight since a significant time trend was observed over the 12-week treatment (specifically, over the 8-to 12-week period).
Multiple imputation (taking the mean of 5 sets of randomly imputed values) was used for Table 2 and Table 3 to generate data for those who dropped out or had missing values. Two participants were randomized but did not start, provided no data, and were unaware of their randomization and hence were not included in the analysis (modified intention to treat), nor were 8 participants whose week −1 HbA 1c values were lower than 6.5% of total hemoglobin. Differences in gastrointestinal symptom scores were assessed by 2 sample t tests and within-treatment changes for other variables were assessed by paired t test (2-tailed) using data derived by multiple imputation. Changes in medication use were assessed by the likelihood ratio 2 test.
RESULTS
Fifty-six of 60 participants (93.3%) completed the low-GI legume diet arm (ie, provided Ն1 blood sample in the final month), compared with a similar proportion, 58 of 61 (95.1%) completing the high wheat fiber diet arm. Participants did not differ significantly in baseline blood lipids levels, BP, or anthropometry (Table 1) . Dietary variables at baseline were different between treatments for saturated and polyunsaturated fats, as a percentage of total energy, on the low-GI legume diet relative to variables on the high wheat fiber diet (1.0%; P = .03 and −0.8%; P = .03, respectively), although the clinical significance of these differences is doubtful. During the study, there were also many similarly small statistically significant changes in dietary variables following increased legume consumption ( Table 2 ). The absolute GI reduction on the low-GI legume diet was −14 GI units (95% CI, −16 to −13; P Ͻ .001), and the relative GI reduction compared with the high wheat fiber diet was −18 GI units (95% CI, −20 to −16; P Ͻ .001). 
GLYCEMIC CONTROL AND BODY WEIGHT
Oral antihyperglycemic medication dosages increased in 2 participants (both receiving the high wheat fiber treatment) and decreased in 3 participants based on the participants' physicians' decision owing to decreased blood glucose levels (1 in the high wheat fiber diet arm and 2 in the low-GI legume diet arm). Changes in medication were not different between treatments (P = .85).
The mean HbA 1c value fell by −0.5% absolute HbA 1c value (95% CI for change, −0.6% to −0.4%; P = .001) on the low-GI legume diet and by −0.3% absolute HbA 1c value (95% CI, −0.4% to −0.2%; P Ͻ .001) on the high wheat fiber diet (Table 3 ). The relative HbA 1c reduction on the low-GI legume diet was −0.2% of total hemoglobin (95% CI, −0.3% to −0.1%; P Ͻ .001) ( Table 3 ) and remained significant after adjustment for body weight change (P = .005). Significant reductions in body weight were also seen on both the low-GI legume and high wheat fiber diets (−2.7 kg; 95% CI, −3.5 to −1.9 kg; and −2.0 kg; 95% CI, −2.5 to −1.5 kg, respectively; P Ͻ .001 for both comparisons) ( Table 3 ). The treatment difference in body weight was also significant (P = .002), together with a significant reduction in waist circumference on the low-GI legume diet compared with the high wheat fiber diet (−1.4 cm; 95% CI, −2.3 to −0.4 cm; P = .007).
SERUM LIPID LEVELS
Lipid-lowering medications were decreased in 4 participants (1 in the high wheat fiber diet arm, 3 in the low-GI legume diet arm) and increased in 1 participant in the high wheat fiber diet arm, with no significant treatment difference (P = .21).
The low-GI legume diet produced significant decreases in total cholesterol level (−8 mg/dL; 95% CI, −13 to −4 mg/dL; P Ͻ .001) and triglyceride levels (−22 mg/dL; 95% CI, −30 to −13 mg/dL; P Ͻ .001) with no significant change in HDL-C level (−1 mg/dL; 95% CI, −2 to 0 mg/dL; P = .19). Meanwhile, the high wheat fiber diet resulted in a significant increase in HDL-C level (2 mg/dL; 95% CI, 1 to 3 mg/dL; P = .004). (To convert total cholesterol and HDL-C and LDL-C to millimoles per liter, multiply by 0.0259; to convert triglyceride to millimoles per liter, multiply by 0.0113.)
The relative reduction in total cholesterol level (−8 mg/ dL; 95% CI, −13 to −2 mg/dL; P = .005) was greater in the low-GI legume diet arm, as was the reduction in HDL-C level (−2 mg/dL; 95% CI, −3 to −1 mg/dL; P Ͻ .001) owing to the rise in HDL-C level in the high wheat fiber diet arm. No other lipid treatment differences were significant (Table 3) .
BP AND HEART RATE
Both BP and heart rate were reduced on the low-GI legume diet relative to the high wheat fiber diet (systolic BP, −4.5 mm Hg; 95% CI, −7.0 to −2.1 mm Hg; P Ͻ .001; diastolic BP, −3.1 mm Hg; 95% CI, −5.0 to −1.6 mm Hg; P Ͻ .001); and heart rate (−3.1 beats per minute [bpm]; 95% CI, −4.7 to −1.5 bpm; P Ͻ .001) ( Table 3) . 
CHD RISK
Calculated absolute CHD risk was reduced after low-GI legume consumption relative to the high wheat fiber diet (−0.8%; 95% CI, −1.4% to −0.3%; P = .003). The relative CHD risk reduction was not significant (P = .27) ( Table 3) .
ADVERSE EVENTS
There were no serious adverse events recorded. One participant in the low-GI legume diet arm experienced chest pain related to a spontaneous pleural effusion and temporally discontinued antihyperglycemic medications, and a further participant experienced heartburn. No patient was withdrawn from the study owing to repeated HbA 1c values greater than 8.5% of total hemoglobin.
GASTROINTESTINAL SYMPTOMS
Self-reported gastrointestinal symptoms were similar between groups at baseline and showed similar changes on treatment in symptom scores (abdominal pain, bloating, flatus, or bowel habit) between the legume and highfiber arms (eTable 3).
COMMENT
Increased legume consumption as part of a low-GI diet lowered HbA 1c values, BP, heart rate, and estimated absolute CHD risk. These data provide support for the use of legumes as a specific food option to lower the dietary GI in type 2 DM and for the recommendations to increase low-GI food consumption by many national diabetes associations. [4] [5] [6] This is the first study, to our knowledge, to promote the use of legumes specifically as the major focus of a low-GI diet for the treatment of DM and to report the quantities of legumes consumed. A previous metaanalysis of studies that included legumes as part of low-GI or high fiber interventions in type 2 DM demonstrated a 0.48% reduction in HbA 1c values, 8 similar to the 0.5% reduction observed with the low-GI legume diet in the current study. The US Food and Drug Administration has proposed a reduction of 0.3% to 0.4% in HbA 1c value as therapeutically meaningful. 26 The 1% and 0.67% absolute reductions in HbA 1c values in the UKPDS 27 and ADVANCE 28 studies, respectively, resulted in 37% and 21% reductions in microvascular complications.
Use of wheat fiber as a positive control may have minimized the treatment difference. It is true that the increase in fiber intake was modest, but the baseline was already high at 16.6 g per 1000 kcal. The high wheat fiber diet resulted in a significant 0.3% reduction in HbA 1c values, a significant rise in HDL-C levels, and reductions in body weight, waist circumference, fasting blood glucose and triglyceride levels, and CHD risk. These data are in line with the findings from cohort studies, which have observed strong associations between cereal fiber intake and reductions in DM incidence and cardiovascular events. [29] [30] [31] However, it is difficult to explain the in- Abbreviations: BP, blood pressure; bpm, beats per minute; CHD, coronary heart disease; GI, glycemic index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol. crease in the HDL-C level. To our knowledge, an increased HDL-C level has not previously been associated with increased wheat fiber intake. 32 Furthermore, the lack of association between change in the HDL-C level and legume consumption on the low-GI legume diet (r = −0.02; n = 56; P = .86) does not support an effect of beans in lowering the HDL-C level.
To our knowledge, this trial is the first to demonstrate a BP reduction with legume consumption in type 2 DM. This reduction was all the more remarkable since the mean starting BP was already in the acceptable range at 122/72 mmHg. Increased plant food and plant protein consumption has been associated with lower BP, as seen with the DASH diet. 33, 34 Consumption of baked beans in an analysis of the NHANES data was associated with lower BP, 35 and trials of bean-enriched diets, specifically the use of lupins, have also demonstrated a reduction in BP, [14] [15] [16] although not all studies of bean consumption have shown this effect. 17 The exact mechanisms for the BP reduction associated with bean intake are not known. Peptides digested from proteins, notably from casein (lactopeptides), may be absorbed and have antihypertensive effects. 36 Other protein sources may also produce antihypertensive peptides. 37 Beans specifically are good sources of potassium and magnesium, which may reduce BP 38, 39 and by virtue of their low GI are likely to result in lower postprandial insulin levels, associated with reduced salt retention and lower BP. 40, 41 Acarbose, which converts dietary carbohydrates into a slow-release, low-GI form, has also been associated with a reduced incidence of hypertension and CHD events in prediabetic participants in the STOP NIDDM trial. 42 In addition to the potential direct beneficial effects of vegetable protein and fiber, there is also the potential displacement value of vegetable protein foods in reducing animal protein foods, which are higher in saturated fat and cholesterol, as has been shown for increased soy consumption. 43 To our knowledge, this study is also the first to assess the effect of bean consumption on heart rate and indeed one of the few to determine the effect of any dietary intervention. Previous studies have suggested that increased heart rate is associated with increased CHD risk. 34 Relatively little work has been done recently with this simple measurement to define the dose-response relation of heart rate to CHD risk; however, earlier studies suggest a doubling of CHD risk for every increase of 10 bpm. 44 The study weaknesses include the relatively small changes observed in glycemic control, blood lipid levels, and BP compared with the control arm. However, the use of an effective control diet (positive control) may have minimized the opportunity to see treatment differences. Furthermore, this study was ad libitum in nature, with selfreported diet records and likely underreporting of food intake, as evidenced by the relatively low caloric intakes.
These findings linking legume consumption to both improved glycemic control and reduced CHD risk are particularly important because type 2 DM is increasing most rapidly in the urban environments of populations in which bean intake has traditionally been high (eg, India, Latin America, the Pima Indians of Arizona). 45, 46 Support for the continued use of such foods in traditional beaneating communities, together with their reintroduction into the Western diet, could therefore be justified even if the effect on glycemia is relatively small, given the magnitude of the problem and the need for acceptable dietary options, especially those options that may also have a BP and cardiovascular advantage.
In conclusion, legume consumption of approximately 190 g per day (1 cup) seems to contribute usefully to a low-GI diet and reduce CHD risk through a reduction in BP. This effect of legumes seems analogous to that seen with acarbose, which also transforms the dietary carbohydrate into a more slowly digested low-GI form and has been associated with a reduced rate of hypertension and CHD events in prediabetic individuals. 
